The aim of this study was to analyze the correlation between high-intensity zone (HIZ) on magnetic resonance imaging (MRI) of a lumbar disc and positive pain response assessed by discography for the diagnosis and treatment of discogenic low back pain (LBP). Thirty-seven patients aged 21 to 59 years with chronic LBP but without any neurological symptoms or lumbar disc herniation who underwent MRI and subsequent discography were included in this study. During discography, concordant pain was regarded as positive, whereas discordant pain and no pain were regarded as negative. X-ray and computed tomography (CT) after discography with positive pain response were analyzed to correlate with HIZ on MRI. A total of 98 discs underwent discography in 37 patients; 21 discs presented positive pain response, including 10 with HIZ (47.6%). Seventy-seven discs presented negative pain response, including 29 with HIZ (37.6%). The high grade of annular disruption group shows a high proportion of HIZ on MRI. A positive correlation between HIZ and degree of annular disruption was observed. However, no correlation between HIZ and positive pain response was established on discography. The findings confirm that the presence of HIZ on MRI is only a suggestive and screening iconography indication for the diagnosis of discogenic LBP and cannot replace the gold standard of the discography. MRI should be closely integrated with those of discography, and thus, they play a crucial role in selecting operative segments of multilevel lumbar degenerative disk disease.
Introduction
Low back pain (LBP) associated with functional decline or disability is a common medical and social problem, also casting a costburden. [1] [2] [3] [4] Several large and well-designed previous studies suggested that a history of LBP could serve as a robust predictor of future, severe LBP. [5, 6] Discography as a pain provocation test is considered as the sole method to indicate a radiographic image of the patient's pain directly. From an empirical perspective, a discography is an optimal tool for evaluating discogenic LBP. [7] [8] [9] However, owing to its invasiveness, radiation exposure, and infectious risk, discography has continually been controversial. [10] [11] [12] Magnetic resonance imaging (MRI) can accurately detect the morphological abnormalities of the degenerative discs. Although MRI was found to be sensitive in the identification of degenerative discs, it was unreliable in the case of the symptomatic disc. Some early studies have attempted to correlate the MRI features of disc degeneration with pain reproduction on discography; however, the results were controversial. [13] [14] [15] [16] [17] [18] [19] [20] The high-intensity zone (HIZ) was first described by Aprill and Bogduk [15] in lumbar spine MRI studies. HIZ is a high-intensity focal signal on T2-weighted sequences in the posterior annulus fibrosus with a considerably brighter signal intensity than nucleus pulposus that is distinctly dissociated. [16, 19] Some investigators suggested that the presence of HIZ could be used as an indicator of annular tears and discogenic LBP on the image. [14] [15] [16] [17] [18] 21] However, some other researchers speculated that the value of HIZ is limited to the diagnosis of discogenic LBP. [22] [23] [24] [25] Therefore, in this study, we attempted to identify HIZ as an effective iconographic marker of annular tears and discogenic LBP. Also, whether HIZ can determine the discs of the proposed fusion segment that are symptomatic before fusion was investigated.
Methods

Patient population
This study was approved by the ethics statement of our hospital (First Affiliated Hospital of PLA General Hospital, Beijing). MRI and discography were performed on 37 chronic LBP patients who Editor: Weisheng Zhang.
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did not exhibit any typical symptoms, signs of radiculopathy, or protrusion of intervertebral disc on CT, as assessed by the same group of surgeons from October 2012 to December 2014. The cohort was composed of 26 males and 11 females, aged 21 to 59 (average 37.8) years, with constant LBP over 4 months before the discography and without satisfactory therapeutic response to conservative therapy. The intervertebral discs to be examined with discography were selected on the basis of MRI; these included 5 cases with a single segment of intervertebral disc degeneration, 8 with 2 segments of intervertebral disc degeneration, 19 with 3 segments of intervertebral disc degeneration, and 5 with 4 segments of intervertebral disc degeneration. Discography was performed on a total of 98 segments of intervertebral discs. Depressant administration and iodine allergy test were performed before the operation. The patients were placed in a prone position, and Carm X-ray machine was used for the localization of discs. Under local anesthesia, a 22-gauge double-casing piped needle (15 cm) was punctured into the disc through anterolateral approach 8 to 10 cm off the spinous process. Nonionic contrast medium (Omnipaque; GE Healthcare) was used as a contrast agent that was administered under fluoroscopy. The injection of the contrast agent was terminated if the injection into the involved disc induced original pain in the patient or if it could not be injected due to resistance. The puncture needle was maintained stationary for 1 minute under sufficient pressure after the contrast agent was injected; then, the needle was extracted. Simultaneously, during the operation, silence was maintained in the operational environment, along with gentle actions, and the mental status of the patient was monitored. The discograms of adjacent 1 to 2 discs served as negative controls. The surgical procedure was consistent in all operations. The X-ray of the anteroposterior and lateral view of the lumbar vertebra was acquired and CT scan performed using GE Medical System Hi-speed NX/I-CT (USA) 1 hour after the discography. Imaging conditions were as follows: thickness 3 mm and slice spacing 0.5 mm. The patient could leave the bed immediately after the discography.
Evaluation standards
The negative indications are no pain or no specific pain, and the pain is caused by injection and varies from the clinical symptoms. The positive indications are concordant pain, and the pain is similar to normal LBP or the reproduction of normal LBP or referred pain. The grade of annular tears was divided into 4 grades on the basis of Dallas CT discography classification system [26] ; Grade 0: contrast agent was limited to the nucleus pulposus, Grade 1: contrast agent flowed into the internal annulus along the fissure but the compactness was < 10% annulus, Grade 2: contrast agent flowed into the external annulus, and the compactness was 10% to 50% annulus, and Grade 3: contrast agent outflowed into the external annulus, also into the cavum epidurale and the compactness was >50% annulus. Grades 0 and 1 are categorized as normal, and Grades 2 and 3 represent annular tears.
Statistical analyses
Statistical Package for Social Sciences software for Windows (Version 17.0; SPSS Inc., Chicago, IL) was used for the analysis. The relationships between HIZ on MRI and the grade of annular tears and between the grade of annular tears or provocative discography were analyzed using Ridit (Reference IDentical unit). The relationship between HIZ on MRI and provocative discography was analyzed by Kappa consistency check. P values < .05 were considered significant for a 2-tailed probability.
Results
Clinical outcomes
The segments that underwent discography included a total 98 discs: 3 at L2/3, 31 at L3/4, 37 at L4/5, and 27 at L5/S1, of which 21 discs from 11 patients (21.4%) presented concordant pain. These 11 patients received operative treatment constituting posterior approach interbody fusion in 8 cases and anterior approach prosthetic disc nucleus replacement in 3 cases. All patients were followed up for a mean of 2.2 years. As a result, all patients experienced a satisfactory relief from LBP. Visual analog scales (VAS) were 7.9 ± 0.4 before the operation and 1.1 ± 0.3 after the operation, which was a significant improvement (t = 45.11, P < .01); Oswestry disability index (ODI) was 61.7 ± 5.5 before operation and 22.8 ± 4.4 after the operation, significantly improved (t = 18.32, P < .01). Nevertheless, no complications or worsening of symptoms were observed.
The relationship between HIZ on MRI and the grade of annular tears
Of the 98 discs that underwent discography, 39 discs (7 at L3/4, 21 at L4/5, and 11 at L5/S1) showed HIZ on MRI, accounting for 39.8%. Most of these 39 discs with HIZ on MRI showed Grade 2 or above annular disruption on contrast CT. The higher the grade of annular disruption, the higher the incidence of HIZ on MRI. The grade of annular disruption was higher in the disc with HIZ than in the disc without HIZ with statistical significance (U = 5.1594 and 4.1947, P < .01, Table 1 ).
The relationship between HIZ on MR and provocative discography
On discography, 10 of 39 (25.6%) discs with HIZ on MRI showed concordant pain. Of the 59 discs without HIZ on MRI, only 11 discs showed concordant pain, accounting for 18.6%. However, no significant correlation was established between HIZ on MRI and concordant pain on discography (U = 0.8110, P > .05, Table 2 ). 
The relationship between the grade annular disruption and discographic pain
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established between the grade of annular disruption and discographic pain (U = 0.7393 and -1.4157, P > .05, Table 3 ). A typical case was illustrated in Fig. 1 .
Discussion
Some studies found HIZ as the inflammation of annulus fibrosus and speculated a correlation between the presence of HIZ within the posterior annulus of lumbar intervertebral disc on MRI and the pain response following discography in LBP patients. [14] [15] [16] 18] . Schellhas et al [14] postulated HIZ as the indication of Grade 3 to 4 annular tears and that it represented the accumulation of mucoid fluid within the fissure of the annulus. After studying the pathogenesis of discogenic LBP, Peng et al [16] proposed that the band region of granulation tissue widely distributed in HIZ was the original area of discographic pain and discogenic LBP. The presence of HIZ as an image indication of annular tears and discogenic LBP is yet controversial. [14] [15] [16] [17] [18] [22] [23] [24] Carragee et al [22] reported that the occurrence of HIZ in asymptomatic population was 24% and 59% in LBP patients. In the patients exhibiting symptoms, 30% intervertebral discs with HIZ were negative, and 24% intervertebral discs without HIZ Lateral view of Xray after discography showed that the contrast agent entered into the outer annulus and some into the outer layer of annulus, also into the epidural space. (C-E) CT following discography showed that the annulus in 3 intervertebral discs underwent tears, L4/5 (D) and L5/S1 (E) intervertebral discs had positive pain response, L3/4 (C) intervertebral discs had negative pain response. (F) Internal fixation and fusion of L4/5 and L5/S1 intervertebral discs were performed without interfering with L3/ 4 intervertebral discs and low back pain released completely after the operation.
Wang com were positive on discography. After comparing the results of various examinations including discography between the LBP and control groups, HIZ was considered as an unreliable marker of symptomatic intervertebral discs. Presently, the reproduction of discographic concordant pain is the gold standard for the diagnosis of discogenic LBP. Our study showed that the positive incidence of discographic concordant pain in the discs appeared in HIZ was not high, thereby indicating that HIZ was not a high specific diagnostic index for discogenic LBP. In a clinical setting, the disc in which HIZ appeared on MRI was not necessarily the disc that caused pain. The pain depended on the grade of the inner annular disruption and pathological type. HIZ is only a suggestive iconographic sign and cannot replace discography in discogenic LBP diagnosis. Yu et al [27] found that high-resolution MRI could detect various signals of annular tears, which were indicated as nonconsecutive HIZ based on the signals of nucleus pulposus in MRI T2-weighted image. However, this change could also be detected in some asymptomatic individuals. The accuracy of MRI in diagnosing annular tears is low. Ito et al [24] showed that the signs of annular disruption on MRI could not reliably predict the incidence of inducing pain; however, they could predict the pain in a relative manner only when disruption occurred in the outer layer of the annulus. The disadvantage of MRI is that the segments of intervertebral space that cause the symptoms cannot be localized specifically when disc degeneration or protrusion involves several intervertebral spaces.
LBP is a common condition in the general population. A typically overlooked source of LBP in the general population is the consequence of internal disc disruption. This condition was described by Crock [28] in 1970 and continues to be a diagnostic and therapeutic challenge to physicians. CT scanning following discography allows us to accurately study the anatomical position of annular tears and aids in localization during operation, as well as selecting the operation approach and preventing operation on the nonpain disc. Resnick et al [29] speculated that only when MRI is closely integrated with the discography, it can provide reliable information for decisionmaking with respect to lumbar surgery. In this study, 10 of 39 discs with HIZ on MRI presented concordant pain response and the symptom of LBP in the patients released completely after operative treatment of these intervertebral spaces.
The relationship between HIZ and LBP can be arbitrated on the basis of the discographic pain. However, not all discs with HIZ presented symptoms. In the current group of patients, out of the 39 discs with HIZ, only 10 had concordant pain response. Therefore, we speculated that HIZ cannot reliably prompt the actual source of LBP, and although it is sensitive, the specificity is not high. [16, 30] In the diagnosis and treatment of discogenic LBP, if HIZ appears within the posterior annulus of the patient lumbar disc on MRI, it indicates annular tears. If discography induces concordant pain response at the corresponding segment simultaneously same time, the pathological changes of the disc are potentially the actual source of pain and the possibility of symptom release after the operation would increase greatly. If the positive discographic pain does not appear during discography and only HIZ appears on MRI, the rate of relief from symptoms and the satisfaction of the patients after the operation will be lower than that of the patients positive in both concordant pain and HIZ. Thus, operative treatment is not recommended in these patients. The present study shows that the higher the grade of annular tears, the higher the incidence of HIZ on MRI; the grade of annular tears is higher in the discs with HIZ than in the discs without HIZ, and there is no obvious consistency between HIZ and discographic pain. MRI results should be closely integrated with those of discography, and thus, they play a crucial role in selecting operative segments only in this situation.
Nevertheless, the limitation of this study was its retrospective nature as an unrandomized case-control study, and the sample size constituting the number of patients was small. Therefore, further large-scale prospective randomized studies are essential to overcome these limitations and confirm that the presence of HIZ on MRI is only a suggestive and screening iconography sign for the diagnosis of discogenic LBP and that it cannot replace the gold-standard of the discography.
